Introduction-motivation
The World Wide Web has ceased being solely a distribution medium for resources, and has turned into a development and run-time environment for large-scale and complex applications. Such sophisticated applications are being deployed in increasing numbers. However, arbitrary, anarchic approaches and ad hoc methodologies characterize the current state of application development in the Web environment. Effective ways and techniques for ensuring the integrity and maintainability of web applications are lacking [6] .
Web Engineering (WebE) is concerned with the establishment and use of sound scientific, engineering and management principles and disciplined and systematic approaches to the successful development, deployment and maintenance of high quality Web-based systems and applications [11] .
The WebE discipline is new, immature and has recently started getting the attention of researchers, developers, and other major players in the web-based application development market. There is now justifiable and increasing concern about the manner in which students and lifelong learners are well educated and trained in this new discipline.
Web applications rely on multiple technology layers tightly linked together. To become a successful Web Engineer, one needs to learn about Internet programming (both server-side and client-side programming, e.g., HTML, DHTML, XML, CGI, Javascript, Java applets & servlets, ASP, JSP), web-servers customisation, web-related database management systems, web site design, web-based systems development process, etc. In higher education today, there is no discipline in the current curriculum that teaches all or even an extensive part of these skills. Even at universities where there are a lot of practical classes, the student would have to make specific choices in courses during his/her studies, such as: programming language courses, database management systems, software engineering and object-oriented design, information systems, networking and Internet protocols, in order to have adequate background as a web engineer.
It is until recently, in 1998, when the first workshop on Web Engineering was held within the World Wide Conference (WWW7), in Brisbane, Australia. It's also only one year ago that few universities have started providing special courses on the WebE discipline and offer seminars to lifelong learners.
The Department of Electrical and Computer Engineering at the National Technical University of Athens (NTUA) decided to tackle the didactic need emerging on the WebE subject field, by offering to its postgraduate students one semester course called "Internet Publishing". The aim of this course was to offer knowledge of technical nature, i.e., to enhance students Internet and Web programming skills, as well as a theoretical background on the design and development of web-based applications. In fact, the main emphasis has been put on persuading students to alter their modus operandi when creating a web-based application in order for them to follow suitable engineering methodologies. Traditional excathedra teaching method has been used supplemented by open learning methods based on the Web, thus providing an enriched classroom model. This web-based course was engineered from scratch, to assist the learning process, adopting a hybrid model as is often found in academic institutions nowadays.
In this paper we present an overview of the course on the WebE discipline, its delivery method as well as the quantitative and qualitative results extracted after an evaluation study, which occurred during the autumn semester 1999-2000.
The educational community has a lot to learn regarding in what ways technology can enhance the instructional process. While there is a great amount of writing devoted to the research on the impact of technology in education, there are certain gaps in these research efforts, which require further investigation [3] . Among these gaps are the following:
-There is a lack of a theoretical or conceptual framework; -The way different learning styles of students relate to the use of particular technologies, is not taken into consideration; -The feelings and attitudes of the students involved, are not adequately investigated. This paper illustrates an attempt on our behalf to bridge these gaps while challenging to evaluate the enriched learning model.
The structure of the paper is as follows: In Section 2 we describe a review of similar courses on the WebE discipline. In Section 3, we describe the overview of the NTUA course. Section 4 deals with the results of the evaluation study. Section 5 contains few concluding remarks about the teaching process on the WebE discipline.
Literature review
Web Engineering is related to Computer Science, Software Engineering and Information Systems. It draws upon past experiences in software development but is different from these disciplines. This is due to the nature of the tools, languages, skills of the developers and the dynamic nature of the Web environment. Apart from the purely technical skills such as network computing and performance, distributed computing and databases, learners should be trained on new standards and tools relating to the Web, new programming languages, Web site and application development process models [2] .
There are very few educational initiatives in this field at the higher educational sector worldwide. To our knowledge, some of the courses that are related to the WebE discipline are the following (extracts from the courses web site were taken): The aforementioned courses are indicative examples of the way, the various aspects of the WebE discipline can be taught. In the following sections, we describe the approach that the Department of Electrical Engineering, National Technical University of Athens, has adopted. There a number of differences from the above courses such as: the structure of the on-line learning material, the topics of the lectures and the nature of the tutorials. The classroom lectures concerned the theoretical aspects of WebE (design methods, process models, etc.). The on-line material was structured as tutorials, which were related to technical issues of the subject field, i.e., programming, server customisation, etc. The underlying instructional philosophy was to allow students to acquire technical skills at their own pace with the aid of web-based courseware and peer tutorials (when needed) and to give emphasis on specific development methods for web applications as well as the current trends in research and industry via a series of lectures. The main reasons for offering computer-aided instruction to students on technical skills were two: (a) the majority of the students are highly competent in programming, so either they know internet programming or they have the background to advance their skills at their own pace, (b) we had a very well-designed courseware which can be easily updated to the constant changes that take place in webrelated technologies. On the other hand, it was desirable to offer the theoretical knowledge that could not easily be found in the WebE discipline through classroom lectures (such as development methodologies and complex real-time applications analysed by experts).
Course overview
The course on WebE discipline is one semester postgraduate course, starting on October and ending on March. This course belongs to the set of elective courses that a postgraduate student has to attend successfully during his/her Ph.D. studies. After the successful completion of this course, the students are better able to:
-follow systematic methodologies for web application development; -construct interactive, aesthetically attractive and user-friendly Web applications; -state practical web publishing problems and give examples of well designed web applications.
Most of the students, who have been awarded full scholarships, have demanding research, development and tutoring obligations during their studies. Thus, it was a necessity to create a flexible learning environment. An enriched classroom model based on the WWW has been developed for the instructional delivery on the WebE discipline [http://webct.softlab.ntua.gr]. The term "enriched" signifies that the open and distance learning methods have been used complementary to the traditional ones. Apart from ex-cathedra lectures, peer tutorials as well as on-line resources such as a web-based courseware and on-line tools that facilitated the fulfilment of learning activities had been developed and integrated into the WebCT [10] learning environment, as supplements. So the students are provided with a variety of teaching aids for acquiring knowledge and skills without many constraints in time and place of instructional delivery.
Lectures
The students attended few lectures (one every two weeks) on the following topics:
-An introduction to web publishing and programming techniques.
-Hypermedia design and development methodologies such as OOHDM [8] , RMM [4] . -Development methodologies for specific type of web applications such as web-based courseware, e-commerce. -Ergonomics of web-based applications.
-Asynchronous and synchronous multimedia conferencing systems.
-Examples of industrial web applications such as one for the Greek stock market, for a digital library and others.
Unfortunately the lectures could not be videotaped in order to be available for the student body that could not attend. The presentation slides were integrated into the WebCT as on-line reference material and the students could contact the lecturers for further information. It is with the aims of course organisers during the academic year 2000-2001 to videotape the lectures and offer them via a video-on-demand mechanism.
Web-based courseware
The WWW was used to "add value" to the instructional process as well as to provide a flexible, stimulating and effective learning environment. The WebCT learning environment was the specific technological infrastructure on which the web-based courseware as well as tools for learning activities had been integrated.
The web-based courseware consists of:
-Course description, study guide, and announcements concerning news, deadlines and other events.
-An electronic book about programming for the Web, which included the following topics: HTML, Javascript, CGIs & Perl, topics on setting up and configuration of web servers. -Sample of an exam paper and its solution.
-On-line library with links to resources such as: * Relevant handbooks on special topics of Internet programming and web publishing.
* Papers about development methodologies for web-based applications such as the OOHDM [8] , RMM [4] , and CADMOS [7] . * Topics of discussion about the styles of web design with references to on-line Style Guides.
The electronic book (e-book) was specially developed to be user-friendly, pedagogically effective and aesthetically attractive. The book contains theory, examples as well as self-assessment exercises. The structure of the e-book follows the UK's Open University standards for structuring the learning material into blocks and units, while an indexed guided tour was adopted for navigation purposes. Each block consists of learning objectives in order that the student knows well ahead what to expect from the learning material. The student can practice his/her programming skills on specific exercises with the aid of a customized environment, which included an HTML editor with a built-in preview mechanism and the solutions for the exercises. One of the suggested handbooks for the course (though not obligatory) was the one of [5] which concentrates on Hypermedia Engineering.
Learning activities
Project-based learning was the main pedagogical method for this course. The students formed small groups in order to construct web-based applications following specific methodologies. There was a variety of applications proposed to the students as subjects for their projects, such as the development of web sites for a laboratory, company, etc. or e-commerce sites or web-based instructional systems.
The students followed the development methodologies that had been taught during the lectures. The submission of intermediate deliverables and documentation was required. Students submitted them in terms of on-line publications using the appropriate mechanisms of the WebCT learning environment, on specific deadlines and following specific templates. Project deliverables concerned the documentation of the development process, such as requirement specification, design and user manuals. Thus, all project groups could see the progress of the development process of their colleagues and act as peer-reviewers when asked by the instructor. Moreover, the on-line submission procedure augmented the collaboration among groups.
Finally, face-to-face and asynchronous communication among tutors and students took place during the course. The tutors were available at specific office hours in order to help and advise students. Personal and group e-mail was the medium for further communication among students and tutors. The tutorials concerned mainly the development process of the project. Only few tutorials were held for elaborating on programming techniques and solving problems. It was already examined over the past years that students were not very keen on using synchronous conferencing systems as a communication medium. The main reason is that they are all located in the same building and they like contacting in person. The tutors also preferred face-to-face meetings rather than synchronous computer-mediated communication when there was a choice. Effort will be made to use a customised ICQ-like tool for synchronous communication in addition to the web-based discussion fora during the following academic year.
Evaluation study
The evaluation study followed a specific methodology, called CADMOS-E [7] which is a "pre-test" and "post-test" method incorporating some aspects of the illuminative evaluation approach [1] . It is a stepwise method supported by specially developed "pre-test" and "post-test" questionnaires, which provide data for both quantitative and qualitative analysis.
In most evaluation studies, the question in focus concerns the comparative effectiveness of various types of distance learning systems as instructional delivery modes to traditional modes (e.g., [3] rather than the innovation of the delivery mode itself and the factors, which may contribute to its effectiveness. Three broad measures of the effectiveness of distance education are usually examined in the original research [3] . These include:
-Student outcomes, such as grades and test scores; -Student attitudes about learning through distance education; -Overall student satisfaction toward distance learning.
The focus of this evaluation is on the learning effectiveness of the course and its delivery mode as well as the identification of extensions and revisions that were required to take place. The learning effectiveness was conceptualised as being influenced by a number of variables, such as:
-Usage of the learning environment; -Effect of the instructional delivery mode to students' learning styles; -Contribution of the learning resources to the acquisition of knowledge and skills; -Effect of the instructional delivery mode to the acquisition of knowledge and skills; -Quality of the learning resources; -A comparison of the enriched classroom delivery mode with the traditional ex-cathedra one.
All the variables are composite and are measured by multiple items, each measuring a slightly different aspect of the main variable.
Subjects
The total number of postgraduate students who responded to the evaluation study reached up to 16 (2 women and 14 men) out of 40 who successfully completed the course. The drop out rate was 21.6%, i.e., 11 students out of the 51 registered did not finish the course. The main reason was that the course was very demanding. All the students had previous experience in using computers (indeed, most of them had significant experience in programming), Internet and the Web and only one of them had attended a course with similar instructional delivery mode in the past. In terms of the time spent accessing the web-based learning environment, the majority of the students spent approximately 1-2 hours per week. Finally, none of them had any problem in reading material suggested in bibliography that was written in English.
Instruments for data collection
The study was based upon two kinds of questionnaires that were given to the students. The first kind ("pre-test") aimed at identifying the expectations of the learners from the learning effectiveness of course and its delivery mode. This questionnaire was administered during the first days of the course delivery and not later than the first week and consisted of 29 questions. The second kind ("post-test") aimed to deduce overall judgements and criticism on the learning effectiveness. The questions that appeared on the "pre-test" were also replicated in the "post-test" in a rephrased form. However, the latter instrument consisted of a wide number of closed-end questions that were used to evaluate in detail specific issues on the quality of the on-line learning material, the enriched classroom delivery mode and the instructional support provided during the course. It also included a section with a number of open-ended questions to supplement the quantitative data. The open-ended section concerned issues related to students' likes and dislikes towards the learning environment, the deficiencies concerning the enriched classroom model, suggestions for improving the instructional support and the on-line material, etc.
Data analysis
Since the size of the sample was not statistically appropriate for quantitative analysis we performed a comparative statistical analysis of the data collected from the "pre-test" and "post-test" questionnaires. The basic statistical analysis, which was conducted, depicted the trends of the learners' opinion concerning the learning effectiveness of the course. Moreover, a qualitative content analysis of the second part of the "post-test" questionnaires was performed which helped to infer a number of conclusions concerning the preferences and the dislikes of the learners about the quality of the course delivery, the design of the web-based learning material and the instructional delivery mode.
Usage of the learning environment
The usage of the learning environment according to the answers of the students is shown in Table 1 . The answers were measured in a five-point Likert-type scale and they were coded as follows: 5 = More than once per week, 4 = Once per week, 3 = Sometimes, 2 = One or two times, 1 = Never. Table 1 indicates that the WebCT tools/facilities, less used, were the personal annotation tool as well as the printing of learning material. On the other hand, students used the mechanism for the collection and downloading of learning material and the search engine much more often. It should be noted that the students did not use the e-mail tool, which is integrated into WebCT, but their preferred e-mail clients and their usual e-mail accounts. The main reason was their need to have one-stop unified e-mail service rather than having a separate e-mail system for this specific course.
Measurement of the students' use of the learning environment was conducted through the embedded administrative tool of the WebCT. This measurement provided an insight of the total number of content Table 1 Usage of the learning environment
Question
Mean (from post-test) How often did you make use of the e-mail? 3.8 How often did you make use of the annotation tool for adding personal notes to the learning material?
1.2 How often did you make use of the tool for collecting and downloading learning material? 2.7 How often did you make use of the facility for searching specific topics about the learning material? 2.5 How often did you print topics of the learning material?
2.1 pages accessed by each student over the course and the time spent on them. In general, a small group of students spent little time or totally ignored the introductory pages on web publishing and the HTML language. But they did read specific topics on Internet programming (e.g., CGI scripting) and web server customisation. For the rest of the students, there was a little variation in their access and time spent on e-book.
Effect of the instructional delivery mode to students' learning styles
The effect of the instructional delivery mode to students' learning styles before and after the course delivery is presented in Table 2 . This evaluation study accords with Kolb [http://www.cyg.net/∼jblackmo/ diglib/styl.html] who showed that learning styles could be seen on a continuum running from: -concrete experience: being involved in a new experience, -reflective observation: watching others or developing observations about own experience, -abstract conceptualization: creating theories to explain observations, -active experimentation: using theories to solve problems, make decisions.
The answers were measured in a five-point Likert-type scale and they were coded as follows: 5 = I absolutely agree, 4 = I agree, 3 = Neutral opinion, 2 = Disagree, 1 = I absolutely disagree.
As shown in Table 2 and by studying the answers of each student separately, we can conclude that the new instructional mode affected the learning styles of students. The majority of the students prefer examples and other sources embedded on the learning material. The content analysis of the responses provided by open-ended questions revealed that the students are motivated from the subject matter but they wanted more sources. However, the on-line learning material included sources that satisfied their preferences. Another significant remark is that students don't pursue learning experiences in a self-directed way; on the contrary, they want the intellectual contribution of other students and collaboration.
Contribution of the learning resources to the acquisition of knowledge and skills
Another important factor measured during the evaluation study was the contribution of the learning resources to the acquisition of knowledge and skills, both as expected before and as criticised after the completion of the course delivery. The question was: "Did the following resources of the learning Table 2 Effect of the instructional delivery mode to students' learning styles Question Mean (from Mean (from pre-test) post-test) I pursue learning experiences in a self-directed way.
3.6 2.9 I get bored quickly when I follow detailed instructions as a way of learning.
3. 3.9 4.1 I prefer to learn the theoretical details of a subject matter.
3.6 3.5 I appreciate the contribution of other students when studying the subject matter.
4.3 4.5 I prefer to work on projects based on teamwork.
3.8 3.9 environment help the acquisition of knowledge and skills?" The answers were measured in a five-point Likert-type scale and they were coded as follows: 5 = Very important, 4 = Important, 3 = Neutral opinion, 2 = Unimportant, 1 = Very unimportant.
From Table 3 , the answers and the comments of the students as well as the usage statistics of each learning resource, the following can be deduced:
-Both the e-book and the references to on-line learning material existing in the virtual library or provided during the course successfully contributed to the acquisition of knowledge and skills. It should be noted that there were many complimentary remarks on the open-ended questions of the "post-test" questionnaire. -The students expected more from the discussions on the subject matter with other students and the tutors. To some degree this is due to the students' enthusiasm when they are going to attend a new mode of teaching. This expectation also shows that the tutors should raise more questions for discussion while in parallel they should answer frequently to student queries and they should give them more material for feedback. -As expected the assignments contributed a great deal in increasing the students' knowledge and skills because they were closely related to the learning objectives of the course. However, the study of the intermediate deliverables submitted by other groups didn't increase student collaboration because most of the students delivered them just on time. Tables 4a and 4b below exhibit the evaluation of the effect of the instructional delivery mode to the acquisition of knowledge and skills. The measurement included a number of criteria such as easiness, Table 3 Contribution of the learning resources to the acquisition of knowledge and skills
Effect of the instructional delivery mode to the acquisition of knowledge and skills

Question
Mean (from Mean (from pre-test) post-test) On-line electronic book.
4.5 4.1 References to on-line learning material existing in electronic library or provided during the course.
4.0
The extra learning material provided during the course. * 3.8 Discussions on the subject matter with other students by e-mail.
3.8 2.3 Discussions on the subject matter with teachers and assistants by e-mail. 4.2 3.8 The material derived from discussions on the subject matter among students by e-mail (only the reading of messages not the participation).
The material derived from discussions on the subject matter between students and teachers/assistants by e-mail (only the reading of messages not the participation). usability, motivation, richness and communication. The answers were measured in a five-point Likerttype scale and they were coded as follows: 5 = I absolutely agree, 4 = I agree, 3 = Neutral opinion, 2 = Disagree, 1 = I absolutely disagree.
For this specific variable, the "post-test" questionnaire was more extensive. From the above tables and the answers and comments of the students from the open-ended questions of the "post-test" questionnaire we conclude that the teaching mode through the WebCT learning environment:
-Succeeded in facilitating the flow of information about the course.
-Offered a variety of ways to acquire knowledge and learning experiences.
-Was characterized as easy to attend without requiring any additional training and therefore its learning effectiveness was increased. -Did not encourage the students enough to participate actively in normal class activities with other students due to lack of well-formed questions for discussions. The instructional delivery mode increased the potential to pursue collaborative project work with other students.
2.9
The instructional delivery mode increased my interest in the subject matter. 3.9 4.3 The instructional delivery mode provided immediate and easy information relevant to the subject matter.
4.6 4. 6   Table 4b Evaluation of the effect of the instructional delivery mode to the acquisition of knowledge and skills including only "post-test" questions Question Mean (from post-test) A variety of learning experiences were provided through the instructional delivery mode.
4.1 The mode of communication through the web-based learning environment helped me to solve problems and answer questions that appeared during the course.
3.4
The instructional delivery mode allowed me enough freedom to choose where, when and how to study. 4.6 The instructional delivery mode increased active participation in classroom activities.
3.4 The instructional delivery mode encouraged me to participate actively in normal class activities with other students.
2.9
It was easy to learn and make use of the instructional delivery mode and it was not required training by the instructors/assistants.
4.5
-Did not widen student-instructor communication, as the students expected. However, studying the open-ended questions of the "post-test" questionnaire revealed that the lack of many subjects for discussions as well as the fact that some answers to students' queries were given personally without update to discussion lists, drove the students to grade low on this question. -Increased the student interest in the subject matter although they had cautiously answered before the usage of the learning environment. This shows that the new mode of teaching was generally successful. Table 5 shows how the students evaluated the quality of the learning material. The measurement included a number of criteria such as aesthetics, transparency, forgiveness, dissemination of information, seamless of content and learning experiences [9] . The answers were measured in a five-point Likert-type scale and they were coded as follows: 5 = I absolutely agree, 4 = I agree, 3 = Neutral opinion, 2 = Disagree, 1 = I absolutely disagree.
Quality of the learning material
As shown in Table 5 we can conclude the following:
-The learning objectives of the material were in general clear. Moreover, the usage of the material wasn't spent in memorization and the learning material motivated the students to actively participate in classroom and/or peer tutorial activities. Nevertheless, there were not many well-formed questions for discussion. -The learning material was characterized by usability and it was aesthetically attractive.
Comparison of the new mode of teaching with the conventional one
There were some critical questions where the students were asked to compare the conventional way of teaching against the enriched teaching mode through the WebCT learning environment. Also, the students were asked an overall evaluation of the teaching mode. Table 6 presents the mean of each measurement. The answers were measured in a five-point Likert-type scale and they were coded as follows: The students' experience from the usage of the new mode of teaching through the WebCT learning environment was positive and it was clearly better than the conventional way of teaching. The advantages and disadvantages derived from the analysis of the qualitative data are mentioned below: Table 5 Evaluation of the quality of the learning material
Question
Mean (from post-test) The aims and objectives of the learning material were clear.
3.6 The learning material included in the on-line book explained things clearly.
3.4 The extra learning material provided during the course explained things clearly.
3.5 No effort spent in memorization of topics of the on-line learning material.
4.1 It was easy to find out what was expected in the on-line learning material.
3.5 The assignments on the course were appropriate to the learning objectives.
4.0 The on-line learning material was presented in an attractive way.
3.8 The structure of units/blocks in the on-line learning material made the study and assimilation of the subject matter easy.
3.5
The on-line learning material could be easily read. 3.8 The structure of the resources of the on-line learning material was seamless.
3.8 The way of browsing the on-line learning material was clear and easy to use. 4.1 I had the opportunity to demonstrate/practice what I had learned.
3.5 The on-line learning material included enough case studies.
3.1 The on-line learning material was interactive (not only through browsing).
3.4 Invalid selections during browsing of the on-line material or during the usage of the new environment could be easily corrected.
The navigation schema of the on-line learning material was very good. 3.7 There were motivations and material to communicate with tutors and students.
3.4 I developed skills on the subject matter thanks to the on-line learning material.
3.3 Table 6 Evaluation of the teaching modes
Question
Mean (from post-test) As a whole, I am satisfied with my experience of the WebCT learning environment.
4.3 The new mode of teaching through the WebCT learning environment provides more and better learning experiences than the conventional way of teaching.
3.9
The new mode of teaching through the WebCT learning environment motivated me for further study on the subject matter.
3.2
The combination of the new mode of teaching with the conventional one seemed to be more beneficial than the usual way of teaching.
4.1
As a whole, I am satisfied with my experience of the combination of the new mode of teaching with the conventional one.
4.2
Advantages -Easy acquisition of information related to the course.
-Lack of restrictions in time and place in terms of communication with the tutors and studying of the learning material. -Selective collection of the learning material for downloading or printing.
-Usability of the learning material. -The existence of case studies.
Disadvantages
-The elaborated case studies on the hypermedia development methodologies were limited. -There were not many subjects for discussions.
-Some answers to students' queries were given personally without update to discussion list.
Concluding remarks
It is evident that the web has become an integration platform for distributed applications. The design, constructing and maintenance of such applications are not easy tasks. People wishing to develop web applications of high quality need special training on the WebE discipline, which covers a variety of topics. Recently courses on the WebE discipline have arisen. The NTUA offers such a course whose traditional classroom based delivery mode is enriched with on-line learning resources integrated into the WebCT environment. The evaluation study showed that NTUA staff succeeded in offering a high quality course, which was appropriate for the student body for which it was intended. The flexible and open learning mode was the most suitable for NTUA's postgraduate students who have extensive obligations aside their research duties. The upgrade of the learning material and its delivery mode will be focused on the development of on-line case studies relevant to the subjects of assignments as well as the development of more extensive examples on specialised topics of internet programming. Great care will be paid to the design of learning activities and the training of tutors on triggering and encouraging students' participation to computer mediated communication and collaboration.
